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The skin of reptiles is a complex organ with many sensory, regulatory and behavioral
functions. Desert reptiles face a suite of challenges as their skin contacts hot-dry
environmental surfaces. The marbled whiptail lizard, Cnemidophorus

marmoratus

(Lacertilia: Teiidae), is found in hot deserts of southeastern New Mexico and western
Texas and is often above ground during the hottest times of the day. When active, these
lizards encounter a broad range and intensity of visible and infrared wavelengths. The
role of the integument in temperature regulation, although poorly understood, is critically
important for these diurnal animals. Albedo, coloration, pattern, and in some
circumstances color change, may be determined by placement and orientation of three
distinct types of dermal chromatophores (xanthophores, iridophores, and melanophores).
Here electron microscopy, brightfield microscopy, and reflectance spectroscopy is used
to examine some of the structural-functional relationships of the chromatophores of these
lizards with particular attention to the crystal containing iridophore.

V

CHAPTER I
INTRODUCTION

The skin of lizards provides several functions that are critical to the organism's
survival. Utilizing specialized tissues and cell types, the skin protects the organism from
mechanical abrasion, creates a wide range of observable colors, assists in maintaining a
water balance, and serves as a major avenue of heat exchange (Bowker et al 1987).
Besides normal environmental ecological pressures, diurnal desert lizard species
face challenges specific to their harsh environment. The two most prominent of these
pressures are extreme heat and dry conditions. Consequently, lizards utilize specific
mechanisms to maintain precise body temperatures and regulate water loss.
In the desert, a lizard receives energy in the form of direct sunlight, reflected
sunlight, diffusely scattered skylight, and thermoradiation from the ground and
surrounding vegetation (Bartlett and Gates 1967). While temperatures are cool, they
work to increase their body temperature; when faced with hot temperatures, they need to
avoid the accumulation of heat. Under each circumstance desert reptiles utilize both
behavioral and physiological mechanisms for thermoregulation (Bowker 1984). Besides
precisely regulating their body temperatures by actively moving between various
microclimates, some species of lizards, whiptail (Bowker and Johnson 1980) and earless
(Cowles and Bogart 1944) lizards for example, use specific postures to heat rapidly.
However, under hot conditions desert species work to avoid heat gain and dissipate
accumulated heat, and in some cases utilize a color change mechanism to aid in
thermoregulation (Cowles and Bogart 1944).
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Dry desert conditions, water loss, especially evaporative water loss, are costly to
the energy budget of the lizard (Bartlett and Gates 1967). The pressure of water loss is
especially high for lizards when active. Desert lizards are commonly facultative drinkers,
obtaining most of their water metabolically or from their food; therefore, water retention
is another important function of the skin (Waldschmidt and Porter 1987). Because the
skin is a relatively tight barrier to water loss, these reptiles exhibit low rates of
evaporative water loss because of increased lipid deposit in the skin (Kattan and
Lillywhite 1989). These mechanisms to prevent water loss are a few adaptations that
allow for the successful adaptations to arid environments (Waldschmidt and Porter 1987).
Skin coloration serves behavioral, physiological, biophysical and ecological
functions. While some species use color and pattern to advertise and compete for mates
or defend territories, other species warn potential predators aposematically or avoid them
through crypsis. Similarly, color change mechanisms may allow organisms to better
blend with backgrounds. In addition, color change may also serve as a means for the
organism to heat more quickly (Cowles and Bogart 1944).
In non-mammalian vertebrates, color is generally produced by two different
mechanisms: 1) pigment containing cells that absorb and reflect certain wavelengths or 2)
color is produced structurally through interference phenomena or by light scattering
(Setoguti 1967). The utilization of both mechanisms is also seen for some organsims.
Specialized cell types within the skin are key to these mechanisms. The arrangement,
location, and size of these cells vary within different groups.
Found almost exclusively in ectotherms, dermal chromatophores (color producing
cells) are both morphologically and physiologically distinct from epidermal
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chromatophores (Taylor and Bagnara 1972). Only a single type of chromatophore, the
melanophore, is present in the epidermis, whereas the dermis contains three distinct
chromatophore types: 1) xanthophores, 2) iridophores, and 3) melanophores (Taylor and
Bagnara 1972). Functioning together, these units produce skin coloration seen in
amphibians (Bagnara et al 1968; Taylor and Bagnara 1972), lizards (Alexander and
Fahrenbach 1969; Rohrlich and Porter 1972; Morrison et al 1995), and fish (Gundersen
and Rivera 1982; Oshima 2001). Additionally, the interaction of these layers is also
responsible for the rapid color change in some poikilothermic organisms (Taylor and
Bagnara 1972); rapid color change is especially well documented for Anolis

carolinensis

(Von Geldern 1921; Alexander and Fahrenbach 1969; Kleinholz 1938; Rohrlich and
Porter 1972; Vaughan 1987).
The most superficial layer of the three chromatophore units are the pigmentcontaining xanthophores (Alexander and Fahrenbach 1969). Dominated by yellow
colored pterinosomes and randomly dispersed carotenoid granules, these pteridinecontaining pigment organelles, are typically organized uniformly throughout the
cytoplasm below the stratum germinativum (Bagnara et al 1968). Rohrlich and Porter
(1972) suggest that this layer serves to "filter" the blue-green light wavelengths reflected
by the crystal containing iridophore layer below.
Found below the xanthophore, Morrison and Frost-Mason (1991) described the
iridophore layer in Sceloporus graciosus as a collection of rectangular guanine platelets
layered in ordered rows parallel to the skin surface and bound in a double membrane
matrix. Based on these layered rows of guanine platelets and the absence of pigment
granules, they suggested that color production is based on reflective properties related to
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the size and arrangement of these crystals. In addition, throughout the cytoplasm, lattice
and cross-linking actin filaments hold the crystals in place and serve as a structural link
(Rohrlich 1974). Although the size of these crystals is well documented for Anolis
(Alexander and Fahrenbach 1969; Rohrlich and Porter 1972; Rohrlich and Rubin 1975),
Land (1966) and Huxley (1968) suggested that each crystal having an optical thickness of
roughly a quarter wavelength is more important to the coloration and reflectivity
properties of these cells and explains the variation in crystal sizes of different species
containing iridophores. When found in structured layers, thin-film interference causes
these crystals to reflect light comparable to that of polished metal (Land 1966).
Huxley (1968) discussed how light reflecting structures in fish scales, the argentea
of the eye of Pecten maximus, and the tepeta of the eyes of cartilaginous fishes are
formed by highly structured multiple layers of thin crystals - the key to reflection being
that the crystals are close to an optical thickness of one quarter wavelength and the
cytoplasm separating adjacent crystals is of an equal optical thickness. Land (1966)
stated that although a single crystal film and its corresponding cytoplasmic membrane are
not nearly as reflective as a metallic surface, it is four times greater than that of a crystal
alone. By adding multiple layers of these thin films the reflectivity then increases.
Ideally, 96.6% reflectivity could be achieved in as few as seven layers and by adding
even more, a reflectivity of 99% is obtainable (Land 1966). Certainly iridophore crystals
are not "ideal" reflectors; however, the stacking of iridophore crystals provides a highly
effective mechanism for light reflection (Rorhlich and Porter 1972).
Reflectance of the skin is not confined to the spectrum of light visible by humans.
Stoehr and McGraw (2001) showed that UV reflectance occurred in brightly colored
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patches of both Anolis carolinensis and Sceloporus undulatus skin. Macedonia et al
(2000) discussed the relationship for some Anolis species between UV reflectance in
dewlaps and the evolution of color. In both A. carolinensis and S. undulatus, this UV
signaling appears related to behavioral interactions - primarily those related to sexual
selection (Stoehr and McGraw 2001). In addition, Porter (1967) showed that the skin of
desert reptiles protects the organism from the injurious effects of UV radiation. On the
other end of the visible light spectrum, considerable near-infrared reflectance was
observed in skin of S. undulatus (Morrison et al 1995) and far infrared reflectance in
Cnemidophorus velox (Bowker 1985). In addition, Schwalm (1977) showed that some
species of neotropical leaf sitting frogs reflect near-infrared wavelengths, appearing
cryptic on the leaves in both the visible and near-infrared ranges.
Melanophores, the largest and most interior pigment cell, are dark in coloration
and oval in shape (Morrison et al 1995). The size and shape are both highly variable,
within even morphologically similar variations between organisms of the same species
(Taylor and Bagnara 1972). Rohrlich and Porter (1972) argued that in species that change
color, melanophores are the only motile chromatophore unit and are thus utilized in the
process. Color change in lizards caused by motile melanophores is well documented for
Sceloporus undulatus erythrocheilus (Morrison et al 1995) and Anolis

carolinensis

(Rorhlich and Porter 1972). In both species the mechanism is identical: finger-like
projections of the melanophores extend through the iridophore layer. These melanophore
projections allow the dark melanin pigments to move up and over the iridophore layer
creating a dark, opaque cover that absorbs all wavelengths of light - making the
integument appear dark in coloration (Rohlich and Porter 1972). Smith (1928) noted that
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movement of the melanophores is guided primarily by illumination, but respond directly
to temperature at lower and higher temperatures - below 8°C and above 43°C for Anolis
equestris.
Color change has been attributed to the utilization of an active iridophore layer
(Morrison et al 1996). Although the crystals do not change in structural size and shape,
physiological alteration of spacing and arrangement of the area between them provide a
mechanism for color change. Morrison et al (1996) showed that platelet spacing
decreases when osmolarity increases and an increase in temperature corresponds to a loss
of the ordered structure of these masonry-like crystal layers. Therefore, they believed that
because color change is angle dependent, wavelengths predicted by changes in
arrangement within the iridophore layer match observed integument color.
Taylor and Bagnara (1972) described how the yellow-green coloration, typical of
many poikilotherms, can be explained by the three chromatophore types working together
to process incoming light waves. Light, in three primary wavelengths, short (blue-violet),
middle (yellow-green) and long (red-orange), first reaches the xanthophore. Yellow
pigments within this unit absorb shorter wavelengths, filtering out blue-violet colors.
Long wavelengths, red-orange are able to pass through the xanthophore and the
iridophore layer where they are absorbed by the dark colored melanophores. Middle
wavelengths are able to effectively pass through the xanthophore layer, but are then
bounced back towards the surface by the reflective iridophore layer causing the
integument to appear yellow-green in coloration. Although some short wavelengths do
pass through the xanthophore and are reflected by the iridophore, the yellow pigmented
layer effectively removes any observable blue-violet coloration. Vaughan (1987)
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believed that the process was slightly less complex, describing that green color is
observed simply because blue wavelengths of light are reflected by the iridophores and
then pass through the yellow xanthophore layer.
Bowker (1985) found that not only do some desert species of lizards
{Cnemidophorus velox and Sceloporus undulates) reflect infrared wavelengths, but do so
in a differential manner - less reflective when the organism is cool, more reflective when
warmer. In addition, the ventral surface is exposed to greater infrared radiation from
substrate emissions and in correspondingly more reflective than the dorsum. Although
spectrometer scans revealed differential reflectance, the mechanism that produced
differential reflection is unknown (Bowker 1985). During recent discussions, Bowker
suggested that the interaction of chromatophore units, specifically the iridophore, may
play a key role in this process.
The whiptail lizards, genus Cnemidophorus, are often found in harsh desert
conditions. Typically active above ground for short periods of time, they nonetheless
encounter remarkably high surface temperatures. A mosaic of light and disconnected
dark colored stripes are characteristic of dorsal coloration of C. marmotatus. The role of
the skin's pigment and reflecting cell types in color production, thermoregulation and
their relationships is important to their survival.
This paper examines three aspects of the dermal chromatophores found in the
marbled whiptail lizard, Cnemidophorus marmoratus: 1) to develop and describe
techniques to both effectively isolate iridophore crystals, and retain a greater proportion
of crystals within fixed skin for electron microscopy; 2) to examine the structural and
functional aspects of the chromatophores, with particular focus on their color production

and reflective properties; and 3) to explore the influence of coloration and
reflective/absorptive properties on the energy budget of these lizards.

CHAPTER II
METHODS

Cnemidophorus marmoratus, a species found in regions of the Chihuahuan desert
(Henricks and Dixon 1986), obtained from Fishy Business, Bowling Green, Kentucky,
USA, were killed by decapitation and pithing. Swabbed with 75% ethanol, the skin was
removed and divided into either light colored dorsal, dark colored dorsal, or ventral skin
using a clean, sharp razor blade. Portions of each were subjected to the following
treatments.

ISOLATION OF IRIDOPHORE CRYSTALS:

Combined dorsal and ventral tissues were treated

separately throughout the following procedure. Pieces of skin were minced for fifteen
minutes in Tyrode's solution containing 0.15% collagenase (Worthington CLS-1), 0.15%
hyaluronidase (Worthington HSE) (both from Worthington, Biochemical Corp.,
Lakewood, NJ), 2.5% bovine serum albumin (Amresco, Inc.; Fraction V), and 1% each
of penicillin-streptomycin and fungizone. The skin was transferred to a small, shallow
Petri dish, additional enzyme was added to the minced tissue and placed in a shaking
incubator at 37°C and 100 RPM for 28 hours. At the conclusion of incubation, the
digested connective tissue matrix was broken up by gently pipetting for five minutes and
then pelleted for two 90 second spins on setting six at approximately 1,800 RPM in an
IEC clinical centrifuge (Damon, Inc. / IEC Division). The supernate was discarded and
the pellet was suspended in fresh Tyrode's solution. After repeating this wash four times,
the final pellet was suspended in fresh Tyrode's solution and 2.5% BSA.
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Dorsal and ventral samples were each sonicated using a Sonifier Cell Disruptor,
Model W140D (Heat-System-Ultrasonics, Inc,) at setting 4 for 90 seconds to break apart
skin cells. Sonicated samples were pelleted at 2000 g for 20 minutes at 4°C. The
superaate was discarded and the pellet suspended in Tyrode's solution containing 2%
Triton X-100 (J.T. Baker, Inc.) and 0.25% ethylenediaminetetaacetic acid (EDTA) and
sonicated for 30 seconds longer. Two one milliliter samples of the dorsal and ventral
solutions were layered on top of a step gradient of 1.5 M, 1.8 M, 2.2 M, and 2.5 M
sucrose in Tyrode's solution and centrifuged in a Sorvall RC M120EX ultracentrifuge at
13,000 g for 20 minutes at 4°C.
Small samples from each layer of the gradient suspension were placed on a light
microscope slide and examined using both polarized and phase contrast microscopy using
an Olympus BH-2 microscope to examine composition. Isolated crystals were carefully
removed from the white layer, as determined by light microscopy, at the interface of 2.5
M and 2.2 M sucrose from each of the two dorsal and two ventral samples and combined
into individual 1.5 ml microfuge tubes. Crystals were then pelletted using a Sorvall
Biofuge Fresco centrifuge at 13,000 g for 20 minutes at 4°C. The supernate was then
drained and the pellet washed with nanopure water, centrifuged at 13,000 g for 20
minutes at 4°C. The resulting cleaned pellet was then drained and suspended in fresh
nanopure water.
Drops of both the dorsal and ventral washed crystal suspension were placed on
separate carbon coated 0.5% Formvar-coated 200 mesh electron microscope grids. After
30 seconds the excess liquid was removed and the grid was air dried in a desiccator over
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night. These additional specimens were examined at 100 kV on a JEM-100CX (Jeol,
Inc.) electron microscope.

TISSUE FIXATION FOR ELECTRON MICROSCOPY:

Treated separately, the divided tissue types

were initially fixed in 2.5% gluteraldehyde in a 0.1 M cacodylate buffer solution (0.1M
sodium cacodylate, 0.0025 M calcium chloride, 1% sucrose), pH 7.4, rotating on 35%
setting of a Glas-Col angled rotating table at room temperature for one hour. Samples
were then washed twice for five minutes in 0.1 M cacodylate buffer. Following washes,
the samples were postfixed in 2% osmium tetroxide in 0.1 M cacodylate buffer, pH 6.8
for one hour as above. Samples were then washed once using the angled rotating table
for one hour in 0.1 M cacodylate buffer and then in for one hour with nanopure water and
then en bloc stained with 2% uranyl acetate for hour. The samples were then dehydrated
through a graded ethanol series and embedded in Spurr's resin (No. 51350: Spurr Low
Viscosity Embedding Kit, Ernest F. Fullam, Inc.).
Thin sections were cut using a diamond knife on a RMC MTX ultramicrotome
and collected on 200 mesh electron microscopy grids. All sections were viewed and
photographed at 80 kV using a JEM-100CX (Jeol, Inc.) electron microscope.
Morrison and Frost-Mason (1991) stated that it is common for the iridophore
crystals to be lost during thin sectioning, leaving "holes" in the sample; however, intact
crystals were much more abundant in these samples than "holes," providing an excellent
cross section for analysis.
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MEASURE OF LIGHT REFLECTANCE:

Cnemidophorus marmoratus was sedated with ether in

an airtight jar for fifteen minutes. Reflectance values of surface tissue were taken from
the light and dark dorsal skin, as well as the ventral area using an Ocean Optics USB2000
spectrometer (Ocean Optics, Inc.). Reflectance data were collected for wavelengths
ranging for 177.74 nm through 879.69 nm over 75 msec and analyzed graphically using
Microsoft Excel (v.X SR 1 for Mac).

CHAPTER III
RESULTS
OBSERVATION OF DORSAL SKIN:

A thin section of integument (26|j.m thick) shows the

outermost keratin layer, the epidermis, and the pigment containing layers of the dermis
(Fig. 1). Although specifically taken from a light color area of the dorsum, this section of
integument provides an additional general overview of the ultrastructure of the skin. The
most external stratum corneum is shown partially separated in the sample due to the
stress of thin sectioning and mounting on the electron microscope grid. Below this
keratinized, semi-transparent layer, is the stratum germinativum, a layer associated with
replacing the keratin shed during ecdysis. Melanin granules are evident in relatively
small deposits with this area. Below the stratum germinativum are the xanthophores, the
most superficial chromatophore unit. Circular in shape, pteridine pigment granules are
evident in these yellow-green colored cells. Structured, masonry-like layers of guanine
crystals are the most evident feature of the middle chromatophore unit, the iridophore varying from three to four layers in small cells, to ten to twenty layers in larger cells.
Note how the cell membrane dictates the path of the most external rows of crystals and
that the cell nucleus is the only interruption of the layers internally. It is possible that the
apparent disruption of the masonry-like orientation of some crystals could be due to the
shear forces applied to the sample during this sectioning. In addition, there appears to be
areas where more than one cross-sectioned layer is seen; therefore, it is possible to see
two, some times three, layers of crystals. Most obvious of the chromatophore types
within most samples are the large, dark pigment granules of the melanophores. These
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melanophores are most interior of the cell types, although occasionally iridophore
crystals are seen within this layer, surrounded by the large dark cells.
Melanophores are the predominant chromatophore type within areas of dark
colored dorsal skin (Fig. 2). The dark pigment granule containing cells are located
throughout the sample at various depths and orientations, but are found in relatively close
proximity to the surface. The size, orientation and the depth within the tissue that these
cells are layered are variable within these cells. Most important in this area is the
absence of both xanthophores and iridophores. White areas within the melanophore cells
are due to pigment granules pulled from the cell during sectioning by shearing forces of
the knife. Separations seen in the keratin layer and the holes within iridophores are also
likely due to these shearing forces.
The interface between light and dark colored areas of the dorsum is distinct both
on the surface and in its ultrastructure (Fig. 3). Areas of melanophore cells close to the
surface and lacking xanthophores and iridophores (dark colored integument) are in direct
contact with areas of large iridophore layers and where xanthophores are present (light
colored integument). At this interface it appears as if the melanophore layer is
continuous horizontally, but is altered vertically by the presence, or absence, of the other
two chromatophore types.

OBSERVATION OF VENTRAL SKIN:

Massive iridophore cell formations are evident in the

ventral skin samples (Fig. 4). Overlapping and tightly packed together, these cells
contain numerous layers of guanine crystals rows. From only a few layers in some cells,
to more than twenty in others, the size of this central chromatophore type is highly
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variable. Each of these crystal layers runs parallel to the integument surface and is held
static in an intercellular membrane matrix within the cells. Pteridine and carotene
pigments within the superficial xanthophore layer are present directly above the massive
iridophore section. This layer is thin, approximately only five pigment granules thick.
Similarly thin, the most interior melanophore layer is particularly sparse in these ventral
sections, especially when the iridophore cells are relatively numerous horizontally.

OBSERVATION OF XANTHOPHORES:

Circular/oval, pterinosomes, a pteridine containing

pigment cell, of various sizes and colorations are evident within the cross section of a
xanthophore cell found in a light colored dorsal area of the tissue (Fig. 5). The average
size of these pigment granules is 2.58|_im by 2.85)u,m and make up the majority of the
cells' interior. Evident within the cell is the nucleus, as well as areas of the cell
membrane surrounding the most superficial chromatophore type. Color variation of the
pterinosomes is likely due to the cross sectioning of the sample, causing a variation in
electron density, as opposed to actual variation in the color of the granules.

OBSERVATION OF IRIDOPHORE CELLS:

Within an iridophore cell, the random orientation of

guanine crystals is seen (Fig. 6). In addition, the large cell nucleus is noticeable at one
end of the long, narrow cell. Although there is evidence of the documented masonry-like
structure of these guanine crystal layers, the sheering force of thin sectioning appears to
have possibly disrupted this arrangement. Due to the crystal orientation, and how the
electron beams passes through them, the coloration of each crystal varies from light gray
to black within the sample. White areas within the sample, described as "holes" in
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literature, are not uncommon in all samples. Although these "holes" are present, they are
found in relative low proportion in comparison to crystals found within the sample.
These holes are formed when the shearing force of thin-sectioning pulls the crystal from
the intracellular matrix. It can be assumed that each of these holes once held a crystal.
Although not visible, the crystals and their double-membrane matrix are confined by a
cell membrane and modify their arrangement around the large visible nucleus. Both the
relatively high proportion of visible crystals and the quality preservation of cell nuclei are
related to the skin preparation techniques modified and developed here.
Guanine crystals contained within iridophores are highly structured (Fig. 7). The
size of these rectangular crystals is variable, but their longest face is typically parallel to
the surface of the integument. Also they varied from light gray to nearly black depending
upon how the electron beam passes through the various angle and thickness of each
crystal. Layered in a masonry-like manner, the crystals align parallel to the skin surface.
Although there are relatively few holes, there are instances in which the crystal is still
present and only one side of the membrane has pulled away and stretched under the heat
of the electron beam (Fig. 7).

ISOLATION AND OBSERVATION OF IRIDOPHORE CRYSTALS:

One of the first challenges was

to develop an effective technique for the isolation of the crystal platelets from the
iridophores. It is the success of this method that provided an effective means to analyze
the structural properties of these crystals and develop a better understanding of their role
within the iridophore cell. A detailed description of the procedure is outlined in the
Methods section of this paper.
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Isolating the guanine crystals from the iridophore cells and other components of
the tissue reveals the size and shape of these important platelets. Although these crystals
are three-dimensional rectangular solids in shape (Fig. 8a and 8b), observed shape can be
deceiving because of their orientation. In addition to rectangular, crystals commonly
appear rhomboid or hexagonal because of a more vertically angled orientation (Fig. 8c).
Because of their shape, both actual and observed, size is more difficult to
determine for many of these crystals. Formvar coating provides a stable surface for the
crystals to dry in varied orientations on the grid surface. The crystals are electron dense,
and the microscope is unable to resolve small variations in thickness caused by varied
orientations; therefore, the edges of the box-like structure are not seen. Therefore,
examining the shorter lengths of the height and depth is a more difficult estimate than the
long face of the crystal. Measuring along an edge of the long face of one of the more
rectangularly shaped crystals will provide an underestimated approximation of size
because both ends might not be on the same plane. In three instances of crystals with
rectangular appearance, they have lengths of no less than 0.44jam (Fig. 8a), and 0.49|am
(Fig. 8b), and 0.84ju,m (Fig. 8c). Because the edges cannot be distinguished and the
crystals can be observed at various angles, it is difficult to determine adequate
measurements for the length of the height and depth. For the previous crystals, either the
height or depth is estimated to be no greater than 0.14jj,m (Fig. 8a), and 0.13|j,m (Fig. 8b),
and 0.18|im (Fig. 8c). However, it is most important that these crystals have an optical
thickness of one-quarter wavelength (Huxley 1968).
Numerous attempts were made to obtain electron diffraction patterns of the
crystals using the electron microscope. An observed diffraction pattern can ensure the
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crystalline nature of these iridophore platelets. These trials were performed on both
samples of isolated crystals, as well as intact iridophore cells. Both situations produced
similar results: brief glimpses of the expected diffraction patterns as published by
Rohrlich and Ruben (1975), but none were sustainable most likely because of the small
size of the crystals and/or the low kilovolt strength of the electron beam.

OBSERVATION OF MELANOPHORES:

Intracellular melanin pigment granules from the light

colored section of dorsal skin are circular/oval in shape and large in size (Fig. 9).
Various black and grayscale differences are due to thin sectioning variation of the
granules - darker being more electron dense. Larger than the other chromatophore type
subunits, the melanin granules vary in size from 3.49|um to 3.58|j,m in diameter. There is
little overlap of pigment granules within the melanophore; however, they are tightly
packed in the cell (Fig. 9).

ALBEDO OF VISIBLE LIGHT:

The pattern of reflectance differs between the light and dark

colored areas of the dorsum and the light colored venter (Fig. 10). Light colored dorsal
areas have the highest peak percentage of visible wavelengths than do the other skin
types analyzed (A). This area has an approximate 3% greater peak reflectivity than the
light colored ventral surface (B), with both having a maximum reflectance at wavelengths
near 650nm. In wavelengths below 550nm and above 700nm, the ventral surface reflects
a greater percentage of wavelengths than does the light colored dorsal areas.
Interestingly, it shows a major increase in the near UV (325-400) (C).
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Dark colored areas reflect less than 5% at all wavelengths; therefore, higher and
uniformly absorptive throughout the range. Reflectance increases slightly until it
maximizes around 5% at a wavelength of approximately 675nm. Within the nearinfrared wavelengths the reflectance of this dark colored area falls abruptly, ending at
825nm. However, the white colored skins are still comparatively reflective (9%) at this
wavelength and continue to about 875nm.
The overall reflectance of visible wavelengths of both light colored dorsal and
ventral skin samples are similar, 20.32% and 20.79%, respectively. It is the greater
reflection across the wider range of wavelengths that gives the ventral surface its higher
overall reflection. On the other hand, the dark colored dorsal skin has a substantially
lower overall reflectance, 3.78%, throughout the same visible spectrum range.

CHAPTER I V
DISCUSSION

Significant modification of the Rorich and Rubin (1975) procedure for isolation
of crystal platelets provided a more effective method for retaining the ultrastructural
details of the integument of these lizards. Although requiring fewer steps, the modified
procedure yielded excellent results. Within observed samples, crystals were adequately
freed from their membrane matrix and had little contamination of other cell structures.
The isolation provides an excellent means of examining the structure of the guanine
crystals.
Dark colored sections of dorsal skin has a relatively simple ultrastructure. Cross
sections of the integument reveal that both the xanthophore and iridophore layers are
nearly absent in these areas - only small, random deposits are seen. Because the
melanophores are in much closer proximity to the skin surface, the layered appearance of
chromatophores typically observed is absent, and any small collection of xanthophore or
iridophore cell are close to, or found within, the many melanophore cells.
The position of the melanophores, as well as the absence of the filtering
xanthophores or reflecting iridophores, determines the observed color of the integument.
Since the stratum corneum, the outer keratinized layer, is essentially transparent, the
visible light is unaltered as it enters the tissue. In these dark colored areas, essentially all
visible wavelengths are absorbed by the darkly colored melanin pigment granules, and
little, if any, light is reflected back through the integument to the surface. Since all
wavelengths of visible light are being absorbed, these areas of the skin appear dark in
coloration.
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Brown and black melanin pigments make dark colored skin fairly easy to
imagine; however, because of the absence of any white colored pigment cells,
envisioning a mechanism that creates the light colored appearance of some dorsal areas,
and the ventral surface, is more difficult. Without a specific pigment cell reflecting the
particular wavelength of visible light seen, another mechanism must be utilized.
Areas of light colored skin have an ultrastructure that includes of all three
chromatophore units. The xanthophore layer is found in its typical orientation directly
below the stratum germinativum in various abundances. Some areas include numerous of
these primarily yellow colored pigment cells, whereas other areas are sparse. Below the
xanthophore layer are thick bands of numerous iridophores. Although the number of
cells varies in depth, it is common to find cells overlapping, creating a continuous
horizontal layer of these cells. The melanophore layer also seems to be variable,
seemingly dependent on the thickness of the iridophore layer. In areas where iridophore
cells are less abundant, melanophores are more so. On the other hand, sections of the
skin where the iridophore cells are plentiful, especially in a depth orientation, the number
of melanophore cells is reduced.
The ultrastructure of the light colored integument, including the abundance of cell
types in particular areas, is important in determining color. Light enters the skin and
passes through the essentially transparent stratum corneum and upper layers of
connective tissue, especially in areas that the xanthophore cells are sparse. However,
when the wavelengths contact the highly reflective crystal layers found in the
iridophores, much of the visible light is reflected back through the upper layers of the
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skin. Because little of the incoming light waves are absorbed, the surface will appear
light in coloration - nearly white in some cases.
Light colored skin of the marbled whiptail is not purely white. Across the skin
surface, both among the light colored dorsal and the ventral surfaces, pale yellow colored
areas are present. These colored areas are likely formed by a mechanism that
incorporates both the pigment cells and reflective crystals as described by Taylor and
Bagnara (1972). However, because they were describing the primarily green coloration
of reptiles and amphibians from skin practically void of green colored pigments, their
mechanism is likely inaccurate for the pale yellow coloration observed.
Pale yellow coloration is likely dependent on two key factors: 1) yellow
coloration of the skin is likely seen because of reflectance of yellow wavelengths of
visible light by the yellow colored pterinosomes within the xanthophore cells, and 2) due
to the sporadic appearance xanthophores in many of these areas all wavelengths will be
reflected by the crystal layer. Because of the occurrence of the latter, the possible bright
yellow coloration is washed out by the dominant reflection of all wavelengths, thus
explaining the typically subdued appearance of the yellow coloration.
Areas of light colored skin on the dorsum grade sharply to dark, requiring less
than a 0.1mm granule dorsal scale to occur. This gradation is due to the abrupt
termination of the thick iridophore layer and the orientation of melanophores closer to the
skin's surface. With this mechanism, the cryptic stripes form along the dorsum.
Because skin color relies on the absorptive and reflective properties of the dermal
chromatophores, quantifying these values is important in gaining a more complete
understanding of effect of visible light on the organism. Utilizing spectrometer data, the
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previously described results are similar to those expected. The similar coloration of both
the light colored dorsal areas and the ventral skin result in similar visible light reflectance
values. On the other hand, the dark color areas of the dorsum reflect 17% less visible
light. This difference is substantial.
Differences in albedo of the dark and light colored areas of the integument are
important in the aspect of the lizard's energy budget. The dark colored skin is absorbing
greater than 96% of the energy of the visible light spectrum. This percentage may be
very costly for a species that faces substantial heat from multiple sources, including those
additional to the energy within the visible spectrum. On the other hand, the light colored
surfaces across the body aid in balancing energy gained and lost by reducing the amount
that must be dissipated.
In the harsh desert environment it would energetically benefit these lizards to be
completely light colored, therefore reflecting the greatest percentage of visible light.
Although this would be energetically beneficial, the light colored skin would stand out on
the darker color desert substrate, making these lizards highly susceptible to predation.
Because of this danger, the marbled whiptail balances the more reflective light colored energetically beneficial - areas of the skin with darker areas of the integument that
provide a cryptic color pattern and greater protection from predators.

FIGURES

Fig 1. A 26|am section of dorsal light colored tissue. Five distinct layers of tissue are
seen: stratum corneum (sc), stratum germinativum (sg), xanthophores (x), iridophores (i),
and melanophores (m). Scale bar represents 5fim. x2,600.
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Fig 2. A distinct layer of melanophores (m) in close proximity of the stratum
germmativum (sg). The xanthophore and iridophore cells are absent Scale bar represents
3p.m. x2,600.
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Fig 3. Area of thick iridophore layers (i) is light in coloration, where as the area with
melanophores (m) in close proximity to the tissue surface appears dark in coloration of
the granule dorsal scale. Where these areas meet ( 0 is the interface of these two colored
areas. Scale bar represents 25^m. x450.

27

Fig 4. Massive iridophore layer (i) found directly below a thin layer of xanthophore cells
(x) and the stratum genninativum (sg) within a sample of ventral tissue. Melanophore
cells (m) are found below the crystal layer. Scale bar represents 5pm. x2,600.
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Fig 5. Pteridine-containing, pterinosomes (p) of the xanthophore within light colored
dorsal tissue. Crystal platelets are visible in an adjacent iridophore cell (i). Scale bar
represents 0.5Ojim. xl6,000.
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Fig 6. Iridophore cell of light colored dorsal tissue. Precisely oriented and arranged
guanine crystals are bound within a double membrane matrix contained within a cell
membrane and only disrupted internally by a large cell nucleus (n). Scale bar represents
lpm. xl0,000x.
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Fig 7. The highly ordered appearance, but varied length, of guanine crystals within an
iridophore cell of the ventral tissue. Scale bar represents 0.50(im. x26,000.

Fig 8. A x50,000 and B x 100,000: Isolated guanine crystals, with long face
perpendicular to electron beam, from light colored dorsal tissue iridophores. C x50,000:
Varied orientation of crystals embedded in Formvar coated grid. Crystals of more
vertical orientation (vl and v2) have an appearance that does not reveal their rectangular
shape. More horizontal crystals (h) are more typical of their "box-like" shape. All scale
bars represent 160nm.

Fig 9. Dark melanin granule pigments within a light colored dorsal tissue melanophore.
Scale bar represents 0.50|am. x33,000.
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Fig 10. Relationship between reflectance (%) and wavelength (nm) for light dorsal, dark
dorsal and light ventral skin.
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